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APPENDIX A: DESCRIPTIONS OF MINERALS COATING
THE FRACTURES OF YUCCA MOUNTAIN TUFFS

Zeolites

Zeolites describe a group of minerals characterized
by an open framework of aluminosilicate tetrahe-
dra. They are known as good sorbers because of
the exchangeabl e cations within the channels of the
framework structures. The common exchangeable
cationsin zeolites are sodium, calcium, and potas-
sium (Deer et a. 1966).

Most zeolites are generally white but may be
brown, red, pink, yellow, green, and blue. Their
specific gravity islow (2.0-2.5) as aresult of their
open framework, and their hardness is moderate
(3-5). Zeolites occur in regimes of low tempera-
ture and pressure. They are commonly found as
secondary minerals resulting from alteration of
volcanic rocks and as authigenic minerals within
sedimentary units (Klein and Hurlbut 1985).

» Analcimeis commonly white with some gray,
green, red, and in rare cases, blue samples. It
isan isometric mineral, usually found as
trapezohedra crystals. Crystalstend to be
anonymously biaxial with birefringent lamel-
lar twinning. The hardnessis 5.5 with a spe-
cific gravity of 2.7. The crystalline frame-
work is comprised of combinations of 4- and
6-member rings of aluminosilicate tetrahedra.
The channels have a minimum diameter of 2.2
A (Deer et a. 1966). Analcime hasa higher
metamorphic-rock gradient than the other zeo-
lites and is associated with the feldspathoids.
In some references, it is not classified as a
zeolite.

e Chabazite is commonly white with some yel-
low, pink, and red samples. It is ahexagonal
mineral usually found as rhombohedrons with
nearly cubic angles. The hardness ranges
from 4 to 5, and the specific gravity from 2.05
to 2.15. The framework structure contains 4-,
6-, and 8-member rings of aluminosilicate
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tetrahedra. The channels have a minimum
diameter of 3.8 A (Meier and Olson 1992).

Erioniteispart of the chabazite group. Itisa
hexagonal, commonly acicular, fibrous miner-
a. Itisone of the more siliceous zeolites.
The crystalline framework is comprised of
combinations of 4-, 6-, and 8-member rings of
aluminosilicate tetrahedra. The channels have
aminimum diameter of 3.6 A (Meier and
Olson 1992).

Heulandite is commonly white with some
samples being yellow and red. It isamono-
clinic mineral, but crystals often display
orthorhombic symmetry. Crystals are typical-
ly tabular. The hardness ranges from 3.5 to 4,
and the specific gravity from 2.18t0 2.2. The
framework is comprised of combinations of
5-, 6-, and 8-member rings of aluminosilicate
tetrahedra. The channels have a minimum
diameter of 3.3 A (Meier and Olson 1992).
Heulandite has low bond strength in one
direction and therefore loses structural integri-
ty with dehydration (Breck 1974).

Clinoptiloliteis part of the heulandite group.
It is monaclinic with typically tabular to platy
crystals. In contrast to heulandite, clinoptilo-
lite is stable under dehydration. The crys-
talline framework is similar to heulandite
(Breck 1974).

Stellerite is the calcium end member of the
stilbite solid solution, which is part of the
heulandite group. Itisusually transparent to
white and rarely yellow, brown, or red. The
crystal system is monoclinic, typicaly in
platy, sheetlike aggregates, which may also
form cruciform penetration twins. The hard-
ness ranges from 3.5 to 4, and the specific
gravity is 2.2. The framework is comprised of
combinations of 4-, 8-, and 10-member rings
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of aluminosilicate tetrahedra. The channels
have a minimum diameter of 2.7 A (Meier
and Olson 1992).

e Mordeniteisusualy transparent to white
with adistinctive waxy luster. Itisan
orthorhombic minera, typically in laths or
fibrous crystals. Itisahigh-silica zealite.
The framework is comprised of combinations
of 5-, 8-, and 12-member rings of aluminosili-
cate tetrahedra. The channels have a mini-
mum diameter of 2.6 A (Meier and Olson
1992).

* Phillipsite is an orthorhombic mineral com-
monly displaying cruciform penetration twins.
Its hardness ranges from 4 to 4.5. The frame-
work is comprised of combinations of 4- and
8-member rings of aluminosilicate tetrahedra.
The channels have a minimum diameter of 3.0
A (Meier and Olson 1992).

Silica

The silicaminerals are part of amineral group
referred to as tectosilicates, of which zeolites are
also amember. Tectosilicates define a mineral
classification in which all four oxygen atoms of a
slicatetrahedron (SiO,) are shared with other
neighboring silicatetrahedra. These minerals are
generally very strong, stable structures with a sili-
con-to-oxygen ratio of 1 to 2 (Klein and Hurlbut
1985).

* Quartz isone of the most abundant of all
minerals. Itisgeneraly transparent to white,
but it comesin a host of different colors, vari-
eties, and names. Quartz is hexagonal with
enantiomorphous crystals in the trigonal trape-
zohedra class of the rhombohedral subsystem.
Striations occur perpendicular to the long axis.
The hardnessis 7, and the specific gravity is
2.65. Of the nine known polymorphs of SiO,,
o-quartz, or low quartz, is the polymorph that
is stable below 574 °C and one atmosphere
pressure (Klein and Hurlbut 1985).
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e Tridymiteisone of the high-temperature

polymorphs of silica. The mineral is stable
between 870 and 1470 °C. It iscommonly
found in vugs and cavities of siliceous vol-
canic rocks as tabular crystals or scales. The
lower-temperature a-tridymiteisin the
orthorhombic crystal system, whereas the
higher-temperature -tridymite is hexagonal
(Klein and Hurlbut 1985).

Cristobalite is the highest-temperature poly-
morph of silica. Itiscommonly formed asa
devitrification product of siliceous volcanic
glass. Similarly to tridymite, cristobaliteis
found in vugs and cavities of siliceous vol-
canic rocks but usually as white octahedrons.
The lower-temperature a-cristobalite isin the
tetragonal crystal system, whereas the higher-
temperature -cristobalite isisometric (Klein
and Hurlbut 1985).

Opal isactualy not amineral but a miner-
aoid, because it lacks a crystalline structure.
It is usually white but can be found in any
color. Opal is best known for its property of
opalescence. It iscomprised of packed
spheres of silicaand water molecules that can
range in content from 3 to 20 per cent. The
hardness varies from 5.5 to 6.5, and the spe-
cific gravity variesfrom 2.0 to 2.2 (Klein and
Hurlbut 1985).

Feldspar s are the most abundant and wide-
spread of the minerals, constituting 60 per
cent of the earth’s crust. They are usually
white but can be pink, orange, blue, and
green. The minera is comprised of aframe-
work of aluminosilicate tetrahedra with large
voids that house the large cations of potassi-
um, calcium, and sodium. Feldspars are gen-
erally classified into two groups: K-feldspars
and plagioclase. The K-feldspars have identi-
cal chemical constituents but differ in struc-
tural states, defined as order or disorder, that
are aresult of their cooling history. Rapidly
cooled K-feldspars produce sanidines, where-
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as slow cooling creates orthoclase and micro-
cline. Plagioclase nomenclature is based on
chemical variances of a solid-solution series.
The sodic end member is albite; the calcic
end member is anorthite; other compositions
have various names. The feldspars all have a
hardness of 6 and a specific gravity that
ranges from 2.55 to 2.76 (Klein and Hurlbut
1985).

Clays

Theterm “clays’ is somewhat ambiguous. Clays
are described as finely crystalline or amorphous
hydrous silicates with metacolloidal properties
(Deer et d. 1966). They areloosely classified as
phyllosilicates that have a platy habit dueto a
prominent single cleavage. They commonly have
low specific gravity and flexible elasticity. Their
structure consists of composite layers built from
components with tetrahedrally and octahedrally
coordinated cations (Klein and Hurlbut 1985). The
phyllosilicates are grouped into two major divi-
sions: dioctahedral and trioctahedral. In diocta-
hedral clays, only two-thirds of the sitesin the
octahedral sheets are occupied, whereasin triocta-
hedral clays, all are occupied (Deer et al. 1966).
Clays are ordinarily produced as an alteration or
weathering product from primary minerals. The
primary interest in claysis both their ability to
absorb water and their ionic exchange.

» Smectitesisagenera name for the group of
swelling clays. They are athree-layer mineral
comprised of two silicatetrahedral sheets and
acentral alumina octahedral sheet. Charge
deficiencies exist between octahedral and
tetrahedral sheets, which are balanced by
exchangeable cations. The unique, reversible
swelling property of smectitesisaresult of
infiltration of water and other polar molecules
into the region between the sheets, causing
expansion (Deer et al. 1966).

» Sepiolite and palygor skite are rarer than
other clays and have a hornblende-like chain

structure of silicatetrahedra. They are ableto
absorb and retain water, a capability that
derives from a structure consisting of inverted
linked ribbons of silicatetrahedrathat form
elongate rectangular boxes. Water is able to
fill the channels produced on the elongated
sides of the boxes. Furthermore, in this struc-
ture, the octahedral sheets are discontinuous
and contain cations, generally Mg®™", at the
edges. These cations, besides being suscepti-
ble to cation exchange, are also able to hold
water molecules. This structure tends to give
the minerals afibrous, fuzzy appearancein
hand-samples (Deer et a. 1966).

* llliteisacommonly used description of non-
expanding phyllosilicates with a basal d-spac-
ing of 10 A. Approximately 15 per cent of the
silicon atoms from the silica tetrahedra are
replaced by aluminum atoms, a change that
results in a charge deficit that is balanced by
potassium cations between theillite sheets.
Potassium ions are stacked, allowing no
potential for expansion (Klein and Hurlbut
1985).

Oxides and Hydroxides

The oxide minerals are naturally occurring com-
pounds in which one or more metalsis bonded
with oxygen. (We have listed quartz and its poly-
morphs, the most common of all oxides, separately
because their structures are more appropriately
associated with other silica-oxide compounds.)
The oxide minerals are generally simple in compo-
sition and structure (Palache et a. 1944); however,
some varieties of manganese oxide (MnO) have
complex tunnel-structures, such as todorokite,
romanechite, and coronadite/hollandite (Bish and
Post 1989; Chukhrov et al. 1985b, 1987). Most of
the manganese-oxide minerals appear as amor-
phous to fine-grained black coatings that cannot be
distinguished from one another except by x-ray dif-
fraction, electron microdiffraction, or energy-dis-
persive analysis. Oxides generaly have strong
ionic bonds, giving them a hard, dense, and often
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refractory characteristic. They are often found as
residual -detritus grains in sediments, commonly
from igneous or metamorphic paragenesis (Klein
and Hurlbut 1985). The hydroxides, as opposed to
the oxides, are generally found as secondary min-
erals with low hardness and density. They are
bonded to either hydroxyls or water molecules,
which tends to create aweaker structure than that
of the oxides (Palache et al. 1944).

M anganese oxides
e Aurorite generally occursasanirregular
mass but is also found as platy or scaly grains,
commonly with black calcite. Large grains of
aurorite are generally less then 8 um (Radtke
et a. 1967).

* Cryptomelane is commonly found as a fine-
grained mass with prominent conchoidal frac-
tures. Botryoidal aswell asradial fibrous
habits with prominent cleavage are known but
are uncommon. The color of the mineral is
black with a brownish-black streak. The hard-
nessis 6 to 6.5; however, the hardness of the
masses may be aslow as 1 (Richmond and
Fleischer 1943).

» Hollanditeisablack tetragonal mineral, usu-
aly found as afine-grained mass. The habit,
although generally massive, can also be found
as short prismatic crystals terminated by aflat
pyramid and as fibrous crystals. Cleavageis
prismatic and distinct. The mineral has a
black streak and a hardness of 6 on the crystal
faces. The hardness can be significantly less
from exposures of the fracture (Palache et al.
1944).

e Coronaditeisisostructura with hollandite. It
isablack mineral with a habit generally found

2197

dull-black mineral. Its name was derived
from the belief that it contained lithium as one
of its key components; however, now it is
known that the mineral can have varieties that
arevirtually lithium free and that cobalt and
nickel play amore essentia rolein its make-
up. The structure of the mineral is analogous
to gibbsite (Chukhrov et al. 1985a).

Rancieite is a soft, reddish-black to black
mineral. The structure contains disordered
stacking of MnOg hexagonal layers or octahe-
dras of Mn(OH)4 with acation, typically
Ca’™", located between the layers (Barrese et
al. 1986).

Romanechiteis generaly found as a dull
iron-black orthorhombic mineral. Itshabitis
commonly fined-grain masses, but it can aso
be found as botryoidal or reniform structures.
The streak is shiny brownish-black to black
and has a hardness of 5to 6 (Palache et al.
1944).

Todorokiteis generally found as a metallic-
black monoclinic or orthorhombic mineral. It
generally occurs as spongy banded and reni-
form aggregates of small lathlike crystals
(Palache et al. 1944).

Pyrolusite is the most common of the man-
ganese-oxide minerals. Its best field charac-
teristic isits sooty-black streak. The mineral
istetragonal but is generally found as massive
structures. It isaso commonly found as
fibrous, acicular, radial, or dendritic growths
on fracture exposures. The hardnessis 6 to
6.5 with a perfect cleavage in one direction
(Klein and Hurlbut 1985).

as afine-grained mass; however, botryoidal Iron oxides

crusts or fibrous structures are also known.
The mineral has a brownish-black streak and a
hardness of 4.5t0 5 (Palache et al. 1944).

 Lithiophoriteisgenerally found asashiny to
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 Hematiteis acommon iron oxide and can

range from a metallic steel-gray to an earthy
brownish-red. The hardness rangesfrom 5to
6, and the specific gravity from 4.9t0 5.3.
The fracture is uneven to splintery. The crys-
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tal system is hexagonal with many common
forms, such as tabular-striated growths, granu-
lar, radiated, reniform, compact, micaceous,
botryoidal, and earthy. It can be identified by
its red streak and hardness (Klein and Hurlbut
1985).

* Magnetiteis generally ametallic iron-black
mineral with adark black streak. The hard-
ness ranges from 5.5 to 6.5, and the specific
gravity from 4.9t05.2. Thefractureis
uneven to subconchoidal. The crystal system
isisometric, usually found as octahedrons or
striated dodecahedrons. Magnetite'sfield
characteristics include its dark black streak
and magnetic property (Klein and Hurlbut
1985).

Carbonates

The carbonates contain an anionic CO3™ structural
unit in which the three oxygen atoms form an equi-
lateral triangle with the carbon atom at the center.
Covalent bonds describe the oxygen-carbon unity,
whereas bonds to this group are generally ionic
(Klein and Hurlbut 1985).

» Calciteisthe most common of al the carbon-
ate group. Itisgeneraly white to transparent
but can comein al the hues of the rainbow. It
has perfect cleavage in three directions, giving
it acommon rhombohedral shape. The crysta
system is hexagonal. Calcite has a hardness
of 3 and a specific gravity is2.7. Itisbest
identified by its rhombohedron shape and by
its vigorous effervescent effect when exposed
to acid (Klein and Hurlbut 1985).

Halides

The halides represent a group in which ahalogenis
the dominant anionic component.

e Fluorite occursin any color. It has a hardness

of 4 with perfect cleavage in four directions.
The specific gravity is 3.0to 3.2. The crysta
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system isisometric, commonly found as
cubes, octahedra, and sometimes as dodecahe-
dra. Calciteiseasily identified by its crystal
shape, hardness, fluorescent properties, and
waxy luster (Klein and Hurlbut 1985).
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